The public production of medicines in Brazil
Introduction
The National Policy of Medicines, in Brazil, is concerned with the public production of medicines, especially those from the Brazilian Essential Medicines List (RENAME), in order to ensure adequate access to necessary medicines for the general population 1 . Regarding the production of medicines, Brazil notably uses both private production and public production by official state and federal laboratories.
Official Pharmaceutical Laboratories (OPL) are located in all regions of Brazil with most belonging to the Association of Official Pharmaceutical Laboratories of Brazil (ALFOB), which aims to be a collective management tool for all associated laboratories 2 . The majority of public laboratories have an undiversified portfolio, focusing on lower-cost medicines; therefore supporting national health policies to combat and control diseases, promoting access to medicines and attempting to meet the demands of the Ministry of Health and Public Health Secretariats 2, 3 .
Brazil has a long history of investments in the self-sufficient public production of priority vaccines and medicines for the Brazilian Unified National Health System (SUS). In 1971, the Center of Medicines (CEME) was the first initiative to establish a National Medicines Policy, involving public and private production to promote access to essential medicines. CEME had an important coordinating role with the network of OPL, controlling their production and distribution. CEME was extinguished in 1990 and, despite the efforts of the Ministry of Health, the OPL were left without a coordinator. In relation to production capacity, although these laboratories received financial investments for modernization and expansion, they are still inferior to the private sector in technology, processes and products 2, 4 .
The prioritization of industrial policy in the 2007 government agenda resulted in the inclusion of the Health Economic-Industrial Complex as a planning component of the Ministry of Health. The public production of medicines becomes the subject of incentives including Partnership for Productive Development (PDP) 5, 6 . PDP are defined as partnerships that involve cooperation, through an agreement, between public institutions and private entities. This agreement serves to enhance the development, transfer and absorption of technology therefore contributing to improvements in both productivity and technological capacity of the country and the production of strategic products to meet the demands of the SUS 7 . In addition to the transfer of technology for medicines, there is also the transfer of active pharmaceutical ingredients 8 .
A list of strategic medicines for the SUS was prepared in order to set priorities for the PDP project proposals. Strategic medicines for the SUS are defined as those necessary for health promotion, prevention and recovery, with either centralized acquisitions or the capacity for centralization by the Ministry of Health. The SUS strategic medicines list must set annual priorities for the submission of PDP project proposals. The selection of strategic medicines should consider: (1) the importance of the medicine to the SUS, according to policies and programs of health promotion, prevention and recovery; (2) centralized acquisition of the medicine by the Ministry of Health, or the possibility of centralization; and (3) interest in the national production of the medicine and active pharmaceutical ingredients relevant to the Health Economic-Industrial Complex. One should additionally consider the high purchase price for the SUS, the import dependency for health care within the context of the SUS for the previous three years, recent medicines incorporated by the SUS and the possibility of it being a neglected medicine with potential shortage risks 8 .
Although the law defines the criteria considered in the selection of strategic medicines for the SUS, the methodology is still unclear. Furthermore, burden of disease information (disability adjusted life years -DALY) has been used internationally as a tool to define the priority medicines for research and development, technological incorporation, and selection of essential medicines 9, 10, 11, 12, 13, 14, 15, 16 . This paper aims to analyze both OPL medicines portfolios and the list of medicines considered strategic for public production in relation to the burden of disease in Brazil.
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Methods
This exploratory study compares the medicine profile of OPL portfolios and those considered strategic for public production to an epidemiological profile, with geographical mapping, by the study on burden of disease in Brazil from 2008 17 .
Data source
Two data sources were used for medicine identification: (1) The OPL medicines portfolio and (2) 17 . Each large group was divided into disease subgroups. For example, the communicable diseases group comprises 14 subgroups, including malignant neoplasms and diabetes mellitus. Furthermore, these disease groups were subdivided by specificity of disease. For example, there were 17 types of "malignant neoplasms" cancer, classified through the 10 th revision of the International Classification of Diseases (ICD-10).
However, the DALY calculation was not used for all existing diseases within subgroups. For example, sexually transmitted diseases were not considered in their entirety in the 2008 Brazilian Burden of Disease Study, either due to lack of information about the incidence parameters for chlamydia, gonococci infection and syphilis or a low mortality and morbidity tax. Only congenital syphilis was estimated while the other sexually transmitted diseases were included in residual group category I.A, composed of infectious and parasitic diseases. Other diseases in residual group category I.A included: cholera, pertussis, acute poliomyelitis, diphtheria, measles and neonatal tetanus 17 .
This study did not consider the infectious and non-infectious residual categories. Congenital anomalies and external causes were excluded due to the impossibility of assigning them specific medicines. Conditions treated surgically and/or with no specific medicine, such as low birth weight, cataracts, obstructed labour, appendicitis, choking and birth trauma, were also excluded.
Analysis plan
Medicines were classified according to their Anatomical Therapeutic Chemical (ATC) classification 18 . Medicines that had no ATC were excluded, as well as herbal medicines, diagnostic tests, and those without a corresponding specific DALY cause, such as medicines for anaesthesia, dilution vehicles, antidotes, medicines for contraception, medicines for hydration or medicines for palliative treatment.
Analyses were carried out based on the medicines and their ATC classifications due to only portfolios having medicine dosage forms.
Medicines were correlated with the main therapeutic indications, considering: (1) ATC classification; (2) 
Results and discussion
There were 204 strategic medicines for the SUS and 73% (149) of them had been selected for RENAME 2014. The majority of the medicines which hadn't been selected for RENAME were antineoplastic (61%), monoclonal antibodies (9%) and others including enzymes, antiretrovirals, medicines for pulmonary hypertension, hormones, immunosuppressants and proteins. The OPL portfolios added up to 111 medicines, containing 99 (89%) from RENAME 2014, and the remaining (11%) had been present in earlier versions of RENAME. Anti-infective for systemic use was the most frequent group (27.9%), followed by alimentary tract and metabolism (15.3%) and nervous system (13.5%). Among the strategic medicines, Antineoplastic and Immunomodulating Agents stood out as the main group (35.8%), followed by anti-infective for systemic use (26.5%) and nervous system (8.8%) ( Table 1) .
Antineoplastic and immunomodulating agents in the list of strategic medicines for the sus were divided into monoclonal antibodies, interferons and TNF-α inhibitors.
Most of the OPL production (64%) focuses on the basic pharmaceutical services component, 29% on the strategic component and 7% on the specialized component. In contrast, most of the strategic medicines for the SUS belong to the specialized component (58%) while the basic component corresponds to the smallest portion (13%).
Of the 111 medicines presented in the OPL portfolio, 25 (23%) were also in the list of strategic medicines for the SUS and are part of RENAME 2014, containing 64% of the strategic component and 36% of the basic component. Table 2 shows that 68% of them are manufactured by more than one OPL. The list of strategic medicines for the SUS defines priorities for the PDP projects. Table 2 shows that 23% of medicines selected as strategic for the SUS are already produced by one or more OPL. Although OPL already produce some strategic medicines for the SUS, for some of them, the production of the active pharmaceutical ingredient cannot be consolidated in the country, thus the drug becomes strategic for public production, and therefore a future PDP. After all, the PDP also predicts the transfer of active pharmaceutical ingredients. What remains to be further analyzed is which active pharmaceutical ingredients, of the 25 medicines already produced by OPL, requires technology transfer. This is not within the scope of this work, but certainly there will be benefits in conducting this analysis, given that the list contains a variety of medicines, including those for neglected diseases, with non-significant international interest and which therefore are initial candidates for technology transfer. As an example it could be mentioned that the difficulty in the acquisition of active pharmaceutical ingredients that are produced outside of Brazil affected the supply of benzamine penicillin in 2015 and thus, affected the treatment of syphilis, especially congenital syphilis 19, 20 . Moreover, captopril, for example, is produced by six OPL and other private entities such as generic medicine industries, therefore it is difficult to understand why this medicine was selected as strategic and a future PDP.
It was possible to identify the causes of the Brazilian burden of disease's DALY, and compare them to the list of strategic medicines for the SUS: 35% refer to Group I -communicable maternal, neonatal, and nutritional disorders and 65% to Group II -non-communicable diseases. A comparison was
Cad. Saúde Pública 2017; 33(9):e00179815 possible for 92 medicines, of the 111 produced by OPL, most of which (66.6%) were designed for the treatment of Group II diseases. Table 3 shows that the list of strategic medicines for the SUS is similar to what is currently being produced by OPL, the majority being for infectious and parasitic diseases. This includes medicines for HIV/AIDS, malaria, Chagas disease, leishmaniosis, tuberculosis, leprosy, hepatitis B and C, filariasis, Rocky Mountain spotted fever, systemic mycoses, respiratory infections, nutritional deficiencies and maternal conditions (e.g., maternal sepsis). However, for other important causes of DALY, such as psychiatric and cardiovascular diseases, the strategic medicines list developed and proposed for the SUS does not seem to be sufficient. In the list of strategic medicines for the SUS, another point worth mentioning is the large number of medicines selected for the treatment of cancer and musculoskeletal diseases.
The list of strategic medicines for the SUS and the OPL medicine portfolios do not have medicines for nine Brazilian burden of disease causes of DALY: unintentional external causes (position 6 on Brazilian burden of disease causes), intentional external causes (position 9 on Brazilian burden of disease causes), congenital anomalies (position 17 on Brazilian burden of disease causes), oral conditions (position 18 on Brazilian burden of disease causes), sense organs disorders (position 19 on Brazilian burden of disease causes) and benign neoplasms (position 20 on Brazilian burden of disease causes) ( Table 3 ). The absence of medicines for these causes of DALY is justifiable, since there is no specific medicine for treatment or they are surgically treated.
OPL play an important role in the production of medicines used to treat neglected diseases in addition to meeting the demands of the Ministry of Health, due to the low interest of private entities 19, 20 . A significant number of medicines for infectious and parasitic diseases are part of the list of strategic medicines for the SUS, because the selection criteria for this list includes medicines for neglected diseases and the potential danger of shortages 7 . Even though these medicines are considered a priority for research and development in Brazil, recent RENAME versions, from 2012 and 2014, have an insufficient number of selected medicines for neglected diseases when considering the prevalence and severity of some of them 21, 22, 23 .
The list of strategic medicines for the SUS selected 15 out of 26 anti-retroviral medicines present in RENAME 2014. OPL already produce some of them. The Brazilian model for providing antiretroviral medicines has been considered a successful response to the developing AIDS epidemic report. Universal access to these medicines is possible, in part, thanks to the national pharmaceutical companies that produce, since 1995, generic antiretroviral products 24, 25 .
Among noncommunicable diseases, the number of anticancer medicines and those with clinical indication for endocrine and metabolic diseases, obtained from biological sources, such as enzymes, proteins and hormones, represents 14% of the medicines selected as strategic for the SUS.
There is a disproportional relationship between the number of strategic medicines for the SUS and the burden of disease according to DALY (Figure 1) .
Medicines for psychiatric diseases already produced by OPL and selected in the list of strategic medicines for the SUS are intended for the treatment of schizophrenia and depression. With regard to the treatment of schizophrenia, OPL produce two medicines, while the strategic medicines list includes four additional medicines. With the exception of risperidone, all medicines, as described in the guideline treatment for schizophrenia, are either already produced by OPL or were selected as strategic for public production 26 .
Depression is the disease with the greatest DALY among the psychiatric disorders. It is also the leading cause of DALYs, according to the Brazilian Burden of Disease Study from 2008. OPL produce the antidepressants amitriptyline and imipramine, which were included in RENAME 2014, though they have not been included in any other version of RENAME. RENAME 2014 features four medications for depression: amitriptyline, clomipramine, fluoxetine and nortriptyline, yet no medicine for depression was present in the list of strategic medicines for the SUS. This is of interest considering antidepressants are among the priorities for innovation presented in the 2013 report from the World Health Organization (WHO), since it considers there to be gaps in pharmaceutical treatments and serious adverse events in antidepressant treatments 15 .
For cardiovascular diseases, the OPL produce diuretics, antihypertensives and platelet antiaggregates (acetylsalicylic acid). The list of strategic medicines for the SUS selected statins and an anti-hypertensive (captopril), alongside other medicines in RENAME 2014, including other platelet antiaggregates (clopidogrel, abciximab, tirofiban) and antithrombotics (alteplase and tenecteplase).
Figure 1
Number of strategic medicines for Brazilian Unified National Health System (SUS) and disability adjusted life years (DALY x 10,000 inhabitants).
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Currently, no OPL produces anticancer medicines, most likely because their production requires a differentiated manufacturing structure 27 . On the other hand, anticancer medicines are the largest number of medicines selected as being strategic for national production.
For chronic respiratory diseases, the increase in medicine number occurred due to the inclusion of salmeterol, formoterol and budesonide in the list of strategic medicines for the SUS. For neurological disorders, OPL produce medicines for epilepsy and Parkinson's disease while the strategic medicines list has selected medicines for Alzheimer's disease and multiple sclerosis.
NHP and regular insulins were considered strategic for the national production of diabetes mellitus, in addition to glibenclamide and metformin, which are already produced by OPL.
A large number of medicines, selected as strategic medicines for the SUS, are derived from biological sources and intended for the treatment of rheumatoid arthritis and endocrine-metabolic diseases.
According to the National Policy of Medicines, the current capacity of the OPL should be used, preferably, to meet the needs of essential medicines 1 and, according to the WHO, the selection of essential medicines must be influenced by national burden of disease studies 16 . In this sense, the selection of strategic medicines for the SUS, in order to subsidize PDP, acts on important causes of the burden of disease, such as cancer, endocrine-metabolic, neurological (e.g., Parkinson's disease, epilepsy, Alzheimer's disease and multiple sclerosis) and musculoskeletal (e.g., rheumatoid arthritis) disorders. Contrarily, medicines for psychiatric disorders and cardiovascular diseases don't seem to have the same importance in this list.
The large number of medicines intended for cancer treatment and from selected biological sources questions whether the current OPL are qualified to absorb these technologies, specifically regarding the production of anticancer medicines. The current structure of the OPL would not support such production, requiring the construction of new facilities and the expansion of existing ones in order to meet the regulatory requirements to produce this type of medicine. Some authors question if the current capacity of public production is able to meet the demands of the Ministry of Health 5, 27 .
A growing number of new medicines are launched on the market, increasing the demand of patients, health professionals, and even the government 28 . Although there are structured mechanisms for evaluating new medicines, presently there is a process of rapid incorporation, at high prices, many subjected to a monopoly situation in Brazil and throughout the world, leading to the continued growth of public spending on pharmaceutical services 5 .
The selection of medicines for national production and the establishment of PDP have the main objective of promoting the development and production of strategic products for the SUS in Brazilian territory, expanding the access of strategic products to the population and reducing the vulnerability of the SUS 7 . In this sense, considering the results of this paper some questions deserve to be highlighted.
Initially, it is important to question the selection criteria used in establishing the list of strategic medicines for the SUS. The criteria appear to not be well defined, and the selection of medicines reflects just that.
The selection of strategic medicines for the SUS should also consider the centralized acquisition, or the acquisition as subject of centralization, by the Ministry of Health. Currently only the Strategic Component of Pharmaceutical Services has centralized the acquisition by the Ministry of Health and this centralization features a similar proposal as a way to use the purchasing power of the State and thus stimulate the domestic production of medicines 7, 29, 30 . However, OPL continue to be public market-dependent, and may remain vulnerable to changes in pharmaceutical policies, in the methods of acquisition, in guidelines, and in the government 31 .
There are monopolies and oligopolies within therapeutic classes and subclasses in the Brazilian pharmaceutical market. Pharmaceutical companies specialize themselves because of the variety and complexity of processes and related knowledge as well as the peculiarities of each market segment 32, 33, 34 . Thus, it can be said that the competition and differentiation of the product takes place within therapeutic classes and not between industries as a whole 35 . This highlights some challenges for OPL in the SUS, including: which groups of medicines really are strategic, what is the strategy to define the portfolios of OPL and how the division of production between the labs should occur. It may be of importance for OPL to consider that, rather than producing new medicines, they should devote resources instead to the production of medicines that already exist in their portfolios, but in new dosage forms relevant to specific populations, such as the paediatric population.
The OPL management is another aspect to be considered. Although these laboratories have been upgraded and now have appropriate technical conditions, their commercial and managerial development did not advance. In 2005, the Ministry of Health established the Brazilian Network of Public Medicines Production with the purpose of coordinating the public laboratories. It seems there is difficulty either in reconciling the public production with the new industrial policy, or in recognizing the effect of strategic roles for Brazilian Medicines Policy and Pharmaceutical Services 31, 36 .
As a final point, it is worth considering the low investment in research and development, which reflects on the implementation of the current technology policy transfer through the PDP. OPL do not receive sufficient investment in research to enable replication or even improvement of patented products at a laboratory scale 3 . It seems that it is hard to provide sustainable access due to changes in the Brazilian Industrial Policy such as the PDP. Assuming that access to medicines is not restricted to their availability, it can be alternatively affected by other measurable dimensions, such as accessibility, adequacy, affordability, capacity and acceptability 34, 37 . According to Frost & Reich 38 , the acquisitive capacity dimension should also consider the economic capacity of the government and non-governmental agencies to cover the costs of medicine acquisition. In this sense, one can wonder if the medicines produced under the new Brazilian Industrial Policy will be affordable. Additionally, ensuring that the actions of the Health Economic-Industrial Complex do not consider the SUS health services as an entity with the purchase of technologies as its sole purpose, while not discouraging government initiatives for price adjustment, comparable to the negotiation of prices and technology in a monopoly situation, is also important 5 .
Final considerations
The present study sought to examine to what extent the public production of medicines relates to the population's health needs, identified by the 2008 Brazilian Burden of Disease Study.
Some of the medicines selected as strategic for national production are manufactured by OPL, mainly among the strategic components of medicines of pharmaceutical services. The selection of medicines for neglected diseases in the list of strategic medicines for the SUS is extremely important, because the production of these medicines is often not of interest to the private industry, especially those from developed countries. The inclusion of these medicines on the list of strategic medicines for the SUS has previously benefited public health and the treatment of these diseases.
There are strategic anticancer medicines derived from biological sources selected in large scale for national production. Currently, OPL do not manufacture medicines of this nature and future production will require investment in industrial lands for processing and health standard adaptations.
The limitations of this study relate to the application of the results of the Brazilian Burden of Disease Study from 2008 and the use of the data within OPL portfolios. Initially there was some difficulty in the classification of medicines according to the cause of DALY, mainly for medicines with more than one clinical indication, such as antibiotics. Therefore, in seeking to improve the classification, various sources and a specialist have been consulted. Furthermore, the absence of dosage form in the list of medicines considered strategic for public production has limited the analysis by medicine. The use of OPL electronic sites as data source is a limitation because the sites change drastically and can be outdated.
The present study raised many questions about the public production of medicines, especially considering the current industrial policy. It is necessary to further discuss the criteria for priority medicines for the SUS. Furthermore, discussion is required on the role of OPL to ensure access to medicines and the sustainability of the health system, since actions taken by the Health EconomicIndustrial Complex are focused on producing high-cost products.
The analysis, relating the burden of disease in Brazil, the OPL medicines portfolios and the strategic medicines for the SUS, performed by disease and therapeutic grouping, is an important task to be accomplished in the future.
Some future studies can be suggested, in addition to contributing to the defining the criteria for the selection of strategic medicines for the SUS, this includes the study of: (1) pharmaceutical gaps, including pharmaceutical treatments for a condition that will soon become ineffective (e.g. due to resistance), delivery mechanisms or formulations not appropriate for a target patient group, or
Cad. Saúde Pública 2017; 33(9):e00179815 effective medicine that either does not exist or is not sufficiently effective (e.g. lack of basic scientific knowledge or lack of financial incentive due to market failure); (2) dependence on importation of active pharmaceutical ingredients and; (3) burden of disease, cost-effectiveness of investing in new technologies, the necessary financial investments and the sustainability of long term production.
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